INTRODUCTION
Polymorphonuclear leukocytes (PMN) have an important role in the cellular host defence mechanism against various microorganisms. It is known that PMN functions are deteriorated in type 2 diabetes mellitus (T2DM) patients; thus, they become more susceptible against infections. The deterioration of PMN functions, expecially the decrease in their intracellular killing activity of these patients was demonstrated by several studies (1, 2) .
In our previous study, the PMN's intracellular killing activity of T2DM patients was shown to be decreased significantly. However, the cause of this abnormability seen in these patients is still unknown (1) .
When neutrophils meet bacteria or other particules, the oxygen consumption increases along with superoxide (O 2 .-) and hydrogen peroxide (H 2 O 2 ) formation. Hydrogen peroxide, myeloperoxidase (MPO)-released from azurophilic granules of neutrophils,-and cloride (Cl -) result in the formation of the oxidant and antimicrobial agent hypoclorous acid (HOCl) to kill intracellular microorganisms (2) . Several studies have shown decreased MPO activity in T2DM patients (4, 5) . This suggests that changes in the activity of this enzyme deteriorates PMN functions and may affec t the susceptibilit y to infec tions and immunocompetence of T2DM patients. It was also shown that there was a correlation between the HbA1c concentrations and MPO activity in these patients (4) . Glutathione (GSH) is a major antioxidant in the nonenzymatic antioxidant defence system. By converting oxidants such as hydrogen peroxide and superoxides to other oxidative forms, GSH becomes a potent intracellular and extracellular antioxidant. It controls the epithelial cell functions by invigorating the antioxidant defence (6,7). GSH levels indicate the level of antioxidant defence level of the body and blood GSH levels were found to decrease in T2DM patients when compared to controls (8) .
As an indicator of lipid peroxidation, malondialdehyde (MDA) is used in the measurement of oxidative stress. It was shown that serum MDA levels of T2DM patients particularly in those with complications significantly increased when compared to controls (8) .
As the cause of oxidative stress in T2DM patients is not exactly determined, in this study, we aimed to find out the relationship between PMN functions (phagocytosis and intracellular killing activity) and MPO activity, GSH and MDA levels of these cells in T2DM patients. By reducing the enzyme and antioxidants levels, the drugs and antibiotics used in the chronic treatment of these patients could make them more susceptible to infectious diseases. The antimicrobial drugs used in the treatment of infections in DM patients could negatively effect or increase the enzyme levels or activities. It is important to choose the proper antibiotic in order to stimulate the deteriorated PMN functions in T2DM patients. Thus, we also aimed to find out the effect of ciprofloxacin, rifampicine and doxycycline on PMN functions and MPO activity, GSH and MDA levels of T2DM patients and healthy volunteers in vitro.
METHODS

Patients
Blood was collected from 13 patients who attended Haydarpaşa Numune Training and Research Hospital. Thirteen patients (5 males and 8 females) with type 2 DM, whose age range was 29-48 years (mean age 40.31) and HbA1c>8% were included in the study. The average duration after diagnosis of DM was 3.27 years and the average fasting blood glucose level was 179 mg/dl. Exclusion criteria were existence of an infectious, rheumatic, malignant or any other systemic disease.
Volunteers
Control group consisted of 13 healthy volunteers whose age range was 29-53 years (mean age 39.69) None of them had any disease, pregnancy and used any drugs. This study protocol was approved by the Marmara University Ethics Committee.
Isolation of PMNs
Peripheral blood samples (10 ml) from patients and h e a l t h y v o l u n t e e r s w e r e d r a w n w i t h ethylenediaminetetraacetic acid (EDTA). PMNs from venous blood with EDTA (1x10 7 cells/ml) were isolated by Ficoll-hypaque gradient centrifugation method as described previously (9, 10) .
Measurement of PMN activities
Phagocytosis and intracellular killing activity were assayed by modifying Alexander's method (11) . In the modified method, Ficoll was used instead of dextran and PMNs were counted by microscope instead of standard pour plate technique. PMN viability was assayed as 98% by trypane blue staining and PMNs were suspended in Hank's Buffered Salt Solution (HBSS) and cell density was adjusted by dilution (1x10 7 cell/ml) (9, 12 (9, 10, 13) . PMN suspensions were stored at -20˚C to measure PMN's MPO activity, GSH and MDA levels of patients and healthy volunteers.
Antibiotics
In vitro effect of ciprofloxacin (2.5 µg/ml), rifampicine (7µg/ml) and doxycycline (2.5 µg/ml) at therapeutic serum concentrations on PMN functions was investigated. Ciprofloxacin and doxycycline were prepared as stock solutions at therapeutic serum concentrations in distilled water. Rifampicine was prepared as stock solution at therapeutic serum concentrations in methanol.
Preparation of PMN homogenates
The PMN suspension was frozen at -80 o C and thawed six times, then homogenized using a motor driven Teflon-glass homogenizer (9000 rpm for 5 min at 0 o C) (14) .
Measurement of the MPO activity in PMNs
MPO activity was determined by a modification of the o-dianisidine method. The protein content of the homogenate was measured by Spectronic-UV 120 spectrophotometer using Lowry's method (15) . The assay mixture, in a cuvette of 1 cm path length, contained 0.3 mL 0.1M phosphate buffer (pH 6.0), 0.3mL 0.01M H2O2, 0.5mL 0.02M O-dianisidine (freshly prepared) in deionized water and 10μL PMN homogenate in a final volume of 3 mL. The PMN homogenate was added and the change in absorbance at 460 nm was followed for 10 min. All measurements were carried out in duplicate. One unit of MPO was defined as that giving an increase in absorbance of 0.001 per min and specific activity was given as IU/mg protein (14) .
Measurement of the MDA and GSH levels of PMNs
PMN samples were homogenized with ice-cold 150 mm KCl for the determination of MDA and GSH levels. The MDA levels were assayed for the products of lipid peroxidation by monitoring thiobarbituric acid reactive substance formation, as described previously (16) . Lipid peroxidation was expressed in terms of MDA equivalents using an extinction coefficient of 1.56 × 10 5 M −1 cm −1 and the data were expressed as nmol/mg. GSH measurements were performed using a modification of the Ellman procedure (17) . Briefly, after centrifugation at 2000 × g for 10 min, 0.5 mL of supernatant was added to 2 mL of 0.3 mol/L Na 2 HPO 4 .2H 2 O solution. A 0.2 ml solution of dithiobisnitrobenzoate (0.4 mg/mL 1% sodium citrate) was added and the absorbance at 412 nm was measured immediately after mixing. GSH levels were calculated using an extinction coefficient of 1.36 × 10 4 M −1 cm −1 . The data were expressed as μmol /mg (16, 17) .
Statistical analysis
The results were expressed using means ± SD. Statistical analyses were performed using Mann Whitney U and Wilcoxon Signed Ranks tests. P values less than or equal to 0.05 were considered to be statistically significant.
RESULTS
The phagocytic (p<0.05) and intracellular killing activity (p<0.01) of PMNs in T2DM patients significantly decreased when compared with healthy volunteers (Table 1) . There is no statistical difference between T2DM and healthy volunteers in terms of MPO activity, GSH and MDA levels of PMNs (Table 1) . Ciprofloxacin (2.5 μg/ml) increased PMN's phagocytic (p<0.01) and intracellular killing activity (p<0.01) in T2DM patients and healthy volunteers when compared with drug-free controls (Table 2) . While rifampicine did not significantly change the PMN's phagocytic activity in patients with T2DM when compared with drug-free controls it significantly increased PMN's intracellular killing activity (p<0.05). However, doxycycline did not significantly change PMN functions in the same group when compared with drug-free controls, but the same antibiotics decreased PMN's phagocytic and intracellular killing activity in healthy volunteers when compared with drug-free controls (p<0.05) ( Table 2) . Ciprofloxacin (2.5 μg/ml) increased MPO activity (p<0.01) and MDA levels of PMNs in T2DM patients (p<0.01) and healthy volunteers (p<0.01) when compared with drug-free controls. However, while it decreased the GSH levels of PMNs in T2DM patients (p<0.01) and it increased the GSH levels of the cells in healthy volunteers (p<0.01) when compared with drug-free controls (Table 3) . Rifampicine (7 μg/ml) did not affect the PMN's MPO activity when compared with drug-free controls. It decreased GSH levels in patients with T2DM when compared with drug-free controls (p<0.05). However, it increased the MDA levels of the PMNs in healthy volunteers when compared with drugfree controls (p<0.05) ( Table 3) . Doxycycline (2.5 μg/ml) did not significantly affect the MPO activity and MDA levels of the cells in patients with T2DM and healthy volunteers when compared with drug-free controls (p>0.05). However, it decreased the GSH levels of patients with T2DM when compared with drug-free controls (p<0.05) ( Table 3) .
DISCUSSION
It is known that some of the antibiotics used in the treatment of infections could overcome bacterial resistance and some well-known antibiotics are able to show immunomodulatory effects by interaction with neutrophils (18) . Additionally, while some antibiotics suppress PMN functions, the others do not affect them.
Patients with DM have a higher infective risk than healthy volunteers, with more frequent and severe infections. In particular, there is PMN dysfunction including chemotaxis, phagocytosis, bacterial killing and intracellular killing (19) . As, the phagocytic and intracellular killing activity of PMNs in T2DM patients significantly decreased when compared with healthy volunteers in our study, it must be considered that it is important to take note of the antibiotics and other drugs which are used in the treatment of diabetes. Ciprofloxacin, used as an immunomodulatory antibiotic model in our study, significantly increased both PMN functions in patients with T2DM when compared with drug-free controls (Table 2) . Although the decrease of MPO activity in patients T2DM in our study was statistically insignificant, it might have negatively affected the phagocytic and intracellular killing activity of the PMNs. MPO activity of the PMNs in patients with T2DM (p<0.001) and related with it, their phagocytic (p<0.001) and intracellular killing activity (p<0.001) significantly increased after immunomodulatory ciprofloxacin application. Since ciprofloxacin significantly increased both PMN functions and MPO activity in patients with T2DM, in our opinion there is a relationship between PMN functions and MPO activity. If ciprofloxacin or other antibiotics which possess the same useful effect and have immunomodulatory effects during the therapy of the infections in DM patients, using this antibiotic in their therapy protocole would strengthen the PMN functions leading to more beneficial results.
The disfunctions seen in PMN functions of patients with DM are related to glycemia and glycated hemoglobin (19) . Marhoffer et al. (20) have shown that phagocytic and intracellular killing activity of the PMNs in DM patients significantly decreased when compared with healthy controls (p<0.001). The results of Marhoffer et al. (20) confirm the results of our study. The investigators determined significantly negative correlations for fasting blood-glucose concentrations (p=0.001) as well as glycosylated hemoglobin (HbA1c) (p=0.03) and a highly positive correlation for intracellular killing (p=0.0001) by linear regression analysis. They declared that impaired PMN functions in patients with DM were inversely related to the degree of metabolic control of diabetes. These findings suggest inhibitory effects of hyperglycemia on PMN functions, thus contributing partly to altered host defense in DM.
Sato et al. (4) have stated that the increase of glucose transport in PMNs of patients with DM could negatively effect their phagocytic activity. The same investigators have shown that MPO activity of patients with DM significantly decreased when compared with healthy controls. Sato et al. demonstrated that there was a correlation between MPO activity and HbA1c levels in patients with DM. The investigators have shown that when negative correlation between MPO activity and HbA1c levels of patients with DM lasts for a long time, the MPO activity of the PMNs decreases.
In their study, Uchimura et al. (5) claimed that the correlation between HbA1c and MPO activity was not statistically significant. The investigators have found that MPO activity in neutrophils of patients with DM was lower than controls (p< 0.05). Wykretowicz et al. (2) have shown that intracellular killing activity and MPO activity of the PMNs in patients with DM sinificantly decreased (p<0.01, p<0.01). The researchers have claimed that the hyperglycemia seems to be one of the most likely cause of the observed disturbances. They claimed that when MPO decreases there is increased glucose metabolism and rise in NADPH. Consequently, increase in O 2 .-and hydrogen peroxide formation and degranulation in patients with DM lead to decrease in MPO activity.
We were not able to find a study showing a result, in which a drug would stimulate the MPO activity in patients with T2DM which is decreased in these patients and also by the increase in their MPO activity there is increase in their PMN functions.
In our study, the PMN functions together with MPO activity in patients with T2DM were found to decrease when compared with healthy volunteers. The studies on this subject confirm our results. Beside these results we have shown that an immunomodulatory antibiotic increasing PMN's MPO activity increases PMN functions and by increasing MPO activity in patients whose MPO activity is low, PMN functions would also increase. The increase in PMN functions in T2DM patients by the use of an immunomodulatory antibiotic such as ciprofloxacin is an important finding of our study. Ciprofloxacin, used as an immunomodulatory antibiotic model in our study, significantly decreased the GSH level of the PMNs in patients with T2DM (p<0.01). However, it significantly increased the MDA level of the cells (p<0.01).
The increase of MDA which is an indicator of lipid peroxidation in healthy volunteers and patients, might be the result of the over increase of MPO activity by ciprofloxacin. Ciprofloxacin significantly increased the MDA level of the PMNs in healthy volunteers and patients with T2DM. Probably, this is because ciprofloxacin signicantly over-stimulated the MPO activity in PMNs under in vitro conditions. It is possible that excessively increased MPO activity escalated the lipid peroxidation in the cell. This escalation might lead to an increase in the MDA levels of the cells. This needs further clinical and in vitro investigations.
Gürer et al. (13) have shown that ciprofloxacin significantly increased the phagocytic activity of the PMNs in elderly patients (p=0.002). Zinc (Zn) supplementation (15 mg/day) for 1 month together with ciprofloxacin have significantly increased the intracellular killing activity together with phagocytic activity of PMNs in elderly patients. The same investigators have found that ciprofloxacin, at the same dose significantly increased the phagocytic (p=0.05) and intracellular killing activity (p<0.05) of PMNs in these patients before Zn supplementation, but they have not investigated the beneficial effect on the MPO activity, GSH and MDA levels in these cells.
Altınordulu and Erarslan (21) have found that serum MDA levels of chicks, which were given ciprofloxacin, enrofloxacin and norfloxacin (10 mg/kg/day/orally) for 1, 3, 5 and 7days, insignificantly increased when it was compared with that of control MDA.
We found that ciprofloxacin significantly increased MDA levels of PMNs in T2DM patients with and healthy volunteers. In our opinion, these data have to be supported by clinical studies. The in vivo study on chicks give us an impression that ciprofloxacin could increase the MDA levels in clinical studies. Considering the teratogenic effects of ciprofloxacin on fetus during the first 3 months of pregnancy, these adverse effects may result from the escalation of lipid peroxidation which increased MDA levels of PMNs after ciprofloxacin.
While ciprofloxacin significantly decreased phagocytic activity of PMNs in healthy volunteers (p<0.05), it did not affect their intracellular killing activity. The same antibiotic did not significantly effect both PMN functions, MPO activity, GSH and MDA activity in T2DM patients.
In their study Daşdelen et al. (22) have shown that rifampicine (7 μg/ml) significantly decreased the phagocytic (p<0.05) and intracellular killing activity (p<0.01) of PMNs in healthy volunteers when compared with drug-free values. Gürer et al. (13) have shown that rifampicine significantly increased the phagocytic activity of PMNs in elderly patients (p<0.05) when compared with drug-free values before zinc supplementation. These results support our data.
In our study, rifampicine significantly decreased the phagocytic activity and intracellular killing activity of PMNs in healthy volunteers (p<0.05) when compared with drugfree values. These resuts are in accordance with the results of Daşdelen et al. (22) . Rifampicine (7 μg/ml) did not signifficantly affect the MPO activity of PMNs in T2DM patients and healthy volunteers when compared with drugfree controls. However, it decreased GSH levels of the cells in T2DM patients when compared with drug-free controls (p<0.05). However, rifampicine increased the MDA levels of PMNs in healthy volunteers when compared with drug-free controls (p<0.05). Since rifampicine decreased both PMN functions in healthy volunteers in our study and in abovementioned studies (13, 22) , it might have negatively affect the immune system. Additionally, the deterioration of the PMN functions by rifampicine is accompanied by the increase of MDA levels which shows the presence of lipid peroxidation during oxidative stress. Also, the decrease of the GSH levels in T2DM patients with rifampicine shows that this antibiotic decreased the antioxidant defence of the body during diabetes.
Daşdelen et al. (22) have shown that doxycycline (2.5 μg/ ml) significantly decreased the phagocytic and intracellular killing activity of PMNs (p<0.05) in healthy volunteers when compared with drug-free values. Similarly, in our study doxycycline (2.5 μg/ml) decreased the phagocytic activity and intracellular killing activity (p<0.05) of PMNs in healthy volunteers when compared with drug-free values. Conversely, the same antibiotic both PMN functions of patients with T2DM when compared with drug-free controls. Additionally, in our study doxycycline (2.5 μg/ml) did not affect the MPO activity and MDA levels of PMNs in T2DM patients. However, the same antibiotic just like rifampicine significantly decreased the GSH levels in T2DM patients when compared with drug-free controls (p<0.05).
In this study, the importance of the relationship between MPO activity and PMN functions was supported by the increase in MPO activity of PMNs and PMN functions with ciprofloxacin in healthy volunteers and T2DM patients whose immune system is deteriorated. However, the relationship between MDA levels and PMN functions was shown by the decreases in the cellular immunity and the increase in the MDA level of PMNs by rifampicine. That is why ciprofloxacin could be the preferential antibiotic during the treatment of these patients. However, the data on rifampicine and doxycycline need to be clinically supported by other studies. Beside the beneficial effects of ciprofloxacin, since there might be cellular damage when MDA increases in and PMNs while ciprofloxacin treatment invigorates immune system cells in these patients, and we believe that by the addition of various antioxidants to the treatment and by proving our in vitro results by clinical investigations which include more subjects we might bring more successful results in patients with diabetes mellitus.
